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CHARACTERISTICS OF TYROSINASE IN B16 MELANOMA 
RoGER WHITE, PH .D., AND FuNAN H u, M.D. 
Department of Cutaneous B iology, Oregon Regional Primate Research Center, Beauerton, Oregon, U. S . A. 
Tyrosine hydroxylase, dopa oxidase, and peroxidase activities were studied in soluble 
fractions of Bl6 melanoma tumor homogenates by polyacrylamide gel disc electrophoresis. 
Stained gels were scanned photometrically and gel slices were assayed radiometrically. In 
these preparations, the two bands of tyrosine hydroxylating activity were completely 
separated from the peroxidase activity but coincided with two major bands of dopa oxidase 
activity. The third dopa oxidase band coincided with the single band of peroxidase activity. 
The soluble fraction of cultured cell homogenates had no peroxidase activity, but the two 
tyrosine hydroxylase bands coincided exactly with the two dopa oxidase bands. Therefore, in 
the soluble fraction of this murine melanoma bifunctional tyrosinase does exist as two 
electrophoretically separable forms which are independent of peroxidase. 
In both normal and malignant mammalian mel-
anocytes, melanin pigment is derived from tyro-
sine; the initial reactions in the process are: 
L-tyrosine ->. /3- (3,4-dihyd.roxyphenyi)-L-alanine (dopa) 
(1) 
and 
dopa-> /3-phenyl-L-alanine-3.4-quinone (dopa quinone) 
(2) 
The nature of the enzyme(s) which catalyzes these 
two reactions has been a controversial subject for 
some time. Many investigators [1-61 believe that a 
single enzyme, tyrosinase, catalyzes both reac-
tions, and purified hamster melanoma enzyme 
preparations have been reported to have both ac-
tivities [4-5]. Another group [7-10] believes that 
the hydroxylation of tyrosine to dopa is mediated 
sole1y by a nonspecific peroxidase and that mam-
malian dopa oxidase cannot catalyze tyrosine hy-
droxylation. 
Before we could proceed with our studies of the 
factors which control pigmentation in B16 murine 
melanoma, we wanted to know what enzyme ac-
tivities are actually involved in pigment formation 
and how they are related to one another. In this 
study we examine the relationship of melanoma 
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Abbreviations: 
DA TD: N ,N ' -diallyltartardiamide 
dopa: /3-(3,4-dihyd.roxyphenyl}-L-alanine 
dopa-quinone: /3-pheny 1-L-alanine-3 ,4-quinone 
TLC: thin-layer chromatography 
tyrosine hydroxylase, dopa oxidase. and peroxi-
dase activities by polyacrylamide gel disc electro-
phoresis. Our results indicate that the tyrosinase 
in B16 melanoma homogenates can catalyze both 
reactions (1) and (2) and that peroxidase is not 
involved in tyrosine hydroxylation. 
MATERIALS AND METHODS 
Enzyme Source 
Pigmented Bl6 tumors. One to two million cells of 
B16 melanoma line P/51 [11 ,12] were i njected into each 
hind leg of male C57BL/6 mice. After 3 weeks the 
tumors were excised and the adhering capsule, mus-
cles, and blood vessels were removed as completely as 
practicable. All steps from this point on were performed 
at 0-4°C except where otherwise indicated. Tumor tis-
sue was homogenized 4 times for 30 sec each in 3 to 5 
volumes of distilled water in a Waring Blender at high 
speed. The suspension was further homogenized by 5 
strokes in a motor-driven Potter- Elvehjem tissue 
grinder with a Teflon pestle and centrifuged for 1 hr at 
35,000 rpm in a Beckman 50 Ti rotor. The supernatant 
fraction was stored at - 20°C. and thawed just before 
use. 
Disc Electrophoresis and Photometric Analysis of Gels 
Samples were electrophoresed on 5 x 65 mm, cylindri-
cal , 7.5% polyacrylamide gels at 2.5 rna/gel at 4°C. The 
buffer was 0.025 M Tris-0.15 M glycine, pH 8.5 113]. 
Since gel slices were to be dissolved and counted for 
radioactivity (see below) the polyacrylamide was cross-
linked with 11% (w/w of acrylamide) N,N '-diallyltar-
tardiamide (DATD). Bromophenol blue was used as a 
tracking dye, but to allow a more complete separation 
of enzyme components, electrophoresis was generally 
continued 20% longer than the time required for the 
tracking dye to reach the end of the gel . This practice 
does not interfere with comparison of gels because all 
tumor samples contain a red-pigmented protein (y 
band; see Results) which serves as an adequate internal 
marker. Migration of this band was closely comparable 
from one gel to the next in all experiments. Total run 
time in these experiments was about 1 hr. No loading or 
stacking gels were used; 50-J . d samples (containing 100-
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150 ,.,.g protein , 0.12-0.18 mU* of tyrosine hydroxylase 
activity) in buffer + 5% sucrose were layered directly 
on the surface of the resolving gel. 
After electrophoresis t he gels were removed from the 
glass columns and neutralized for 15 min in 100 mM 
phosphate buffer , pH 6.8. Some were stained with dopa 
(7.6 mM dopa in 50 mM phosphate , pH 6.8, 37°C, Jl/2-3 
hr), and others with o-dianisid ine for peroxidase activ-
ity by the following modification of t he method de-
scribed in the Worthington enzyme manual 1141. Fifty 
microliters of 1% o-dianisidine (Sigma) in methanol 
were added to 6 ml of 1.3 mM H20 2 (by dilution from 
Baker's Superoxol, 30% analyzed reagent) in 10 mM 
phosphate buffer, pH 6.0, and used to stain neutralized 
gels at 37°C for 1 hr. All dopa-stained and o-dianisidine-
stained gels were fixed in 7% acetic acid and scanned in 
a Beckman Model 25 spectrophotometer at 550 nm and 
460 nm respectively. 
Radiometric Assays of Tyrosine Hydroxylase and Dopa 
Oxidase Activities 
Neutralized unstained gels prepared as above were 
frozen on dry ice a nd cut into 1-mm slices. Two hundred 
microliters of 0.5 mM L-tyrosine + 0.2 roM L-dopa in 50 
mM phosphate buffer, pH 6.8, were added to each gel 
slice; this substrate solution contained 1.5 x 10" cpmt of 
L-[3,5-3H]tyrosine (Amersham-Searle , undiluted sp act 
54 Ci/mmol) per ,.,_mole tyrosine a nd 1.1 x 10" cpm ofL-
3,4-dihydroxyphenyli3-14C]alanine (Amersham-Searle: 
undiluted sp act 0.2 mCi/mmolel per ,.,_mole dopa. These 
reaction mixtures were incubated for 21/ 2 hr at 37oC; 
reactions were stopped by immersing the mixtures in 
an ice-water bath and adding 30 ,.,.1 of 16.5~ m-phos-
phoric acid to each t ube. A 100-p.l aliquot of each sam-
ple was loaded onto a column containing 60 mg ofNorit 
A + 300 mg of diatomaceous earth. The tritiated water 
formed by the reaction I 1 5] was washed through the 
column with 10 mJ (total eluate volume) of distilled 
water. Aliquots of 1 ml were counted for 3H in a liquid 
scintillation counter. Labeled tyrosine and dopa were 
quantitatively bound by the column. 
After reaction, '"C-dopa-labeled gel slices were 
washed twice overnight and several times for 1 hr with 
1-ml changes of 2% sodium N-lauroyl sarcosinate 
(Sigma). They were then washed 2 times. 1 hr each, 
with water. dissolved in 300 ,.,_) of2% periodic acid , and 
counted for ••c in a liquid scintillation counter. 
Heat-treated controls for this experiment were run 
as follows. Gels were run and sliced as above. and 100 
,.,.1 of water was added to each slice. Odd-numbered 
slices were treated for 5 min in a boiling-water bath. 
then cooled in ice water; the even-numbered slices were 
held in ice water during this time. An equal volume of a 
2 x con centra ted [ "H)tyrosine substrate sol uti on was 
added; thus the fmal concentrations of tyrosine, dopa, 
and buffer were the same as in the previous experiment 
except that I '4C]dopa was omitted. The Pomerantz ra-
dioassay was t hen completed as before for each sl ice. 
Formation of Dopa from Tyrosine by a and f3 Bands 
Twelve aliquots, 150 ,.,_1 each, of t he soluble fraction 
of tumor homogenates were electrophoresed as above. 
* The unit of activity used here is the International 
Unit, and activity was measured by the Pomerantz 
radioassay. 
t The cocktail used in all experiments was 10 ml 
Triton X-100:toluene (1:2) + 6 fP11 OmniOuor (New Eng-
land Nuclear) per liter. Countmg efficiencies were 15o/c 
for "H and 33% for 14C except in Figures 3 and 4. In 
these experiments a different scintillation counter was 
used with an efficiency for 3 H of 40o/c. 
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As usual , the migration of the red-pigmented protein 
was equivalent in all gels. One gel was stained with L-
dopa, and regions equivalent to the a and f3 bands 
(described below) were cut from the remaining gels. 
Special care was taken to exclude the band. Alpha 
and f3 proteins were eluted from the gel samples by 
homogenization in 30 ml of 50 mM phosphate, pH 6.8, 
with a Potter-Elvehjem homogenizer, and the sample 
was concentrated to about 1 ml by vacuum dialysis 
against the same buffer . Enzyme prepared in this way 
was incubated 30 min with an equal volume of sub-
strate solution such that final buffer , tyrosine, and 
dopa concentrations were the same as used above; how-
ever, final specific activity oPH-tyrosine was 38.2 x 10' 
cpm/ILmole. Control reactions were run in the same 
way with enzyme samples t reated for 5 min in a boiling-
water bath , then cooled on ice, just before addition of 
substrate. After incubation, reaction mixtures were 
acidified and aliquots were assayed for tritiated water 
by t he Pomerantz method. Aliquots of control and ex-
perimental samples were adjusted to 50% ethanol and 
spotted on thin-layer chromatographic (TLC) plates 
(Macherey-Nagel and Co. , Polygram Cel 300 UVJ a nd 
developed in butanol:acetic acid:water (50:10:40) to sep-
arate tyrosine and dopa. The chromatograms were cut 
into 3-mm fractions. and radioactivity was eluted from 
each fraction into 1 ml of water and counted. 
Optical Specificity of Tyrosinase 
Gels were loaded with tumor supernatant and elec-
trophoresed as above. Some of the gels were incubated 
in 7.6 mM L-dopa (Calbiochem). a nd some were incu-
bated with 7.6 mM n-dopa (Sigma). All gels were fixed 
in 7~ acetic acid after 2.5-hr incubation a nd scanned at 
550 nm. 
RESULTS 
Electrophoretic Distribution of Peroxidase. Dopa 
Oxidase. and Tyrosine Hydrox.vlase A ctivities 
Figures la and 16 show photometric scans of 
typical dopa-stained and o-dianisidine-stained 
gels, respectively. The three absorbance peaks in 
Figure la are designated a, {3, and 1' in decreasing 
order of electrophoretic mobility, and represent 
t he three dopa-positive bands observed in these 
gels. The highly mobile a band is the most in-
tensely stained of the three. and the electropho-
retic mobility of the 1' band is the same as that of 
the single band of peroxidase activity represented 
in Figure lb. This activity coincides with the sin-
gle band of red-pigmented protein mentioned 
above. 
Tyrosine hydroxylase activity (Fig. 2a) and dopa 
oxidase (Fig. 2b> activity were assayed radiometri-
cally and results were plotted vs slice number of a 
gel similar to those represented above. Figure 2a 
shows two peaks of tyrosine hydroxylase activity. 
The major [14C]dopa peak in Figure 2b (R;,. = 0.6)t 
clearly corresponds to the major absorbance peak 
CR.r = 0.63) in Figure la and therefore to the a 
band of dopa oxidase activity. It also corresponds 
exactly with the major tyrosine hydroxylase peak. 
The results of a typical heat -treated control ex:peri-
t R.., in this case is migration distance/gel length, 
since the tracking dye was purposely run completely off 
the gel and could not be used as a reference for calculat-
ing electrophoretic mobility. 
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FIG. 1. Electrophoretic distribution of dopa oxidase 
and peroxidase activities. Photometric scans of identi-
cal gels stained with (a ) 7.6 mM L-dopa , for dopa oxidase 
activity, and (b) o-dianis idine, for peroxidase activity. 
Note the three peaks (a) of dopa oxidase activity (a , {3, 
y in descending order of electrophoretic mobility), and 
the coincidence of the y pea k with the single peroxidase 
peak in (b). The anode is at th e right for a ll figures. 
ment are shown in Figure 3. Clearly the 3H-
release activity of the a and {3 bands is heat labile. 
Dopa Formation from Tyrosine 
TLC separations of tyrosine and dopa from reac-
tion mixtures containing a and {3 proteins eluted 
from gels as described above are shown in Figure 
4. The curve in Figure 4a is from a reaction mix-
ture with heat-treated enzyme; that in Figure 4b 
represents a standard reaction mixture incubated 
with active enzyme. For the sample in Figure 4b , 
the amount of dopa formed was calculated at 11 % 
of the initial tyrosine from the TLC data (assum-
ing the [3H)dopa formed to have half the specific 
activity of [3H)tyrosine) and at 21% by the Pomer-
antz assay of tritiated H20 released. 
We have also used highly purified mushroom a 
tryosinase, generously supplied by Dr. H. S. Ma-
son (University of Oregon Health Sciences Cen-
ter), to test the validity of the Pomerantz radioas-
say. Substrate and buffer concentrations used 
were the same as for the Bl6 enzyme, but reac-
tions were run at 0°C and stopped after 3 min , and 
some reactions were run in the presence of 12 mM 
ascorbate. Heat-treated controls were used in all 
cases. When ascorbate was present, estimates of 
tyrosine hydroxylation were 15.3% of initial tyro-
sine by TLC data, and 15.2% by 3H-release. In the 
absence of ascorbate, the figures were 8.9% and 
12.6%, respectively. From these data it is clear 
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FIG. 2. Electrophoretic distribution of tyrosine hy-
droxylase activity. Tyrosine hydroxylase activity (a ) 
was assayed in gel slices by the Pomerantz method, and 
compared to dopa oxidase activity (b). which was evalu-
ated as the detergent-irreversible accumulation of 
[«C]dopa into the same gel s lices represented in curve 
(a ). Detergent-irreversibility implies t hat the label 
a bove background was covalently incorporated. 
that the lower estimate of tyrosine hydroxylation 
by TLC data with the mammalian enzyme. in the 
absence of ascorbate, is reasonable, especially con-
sidering the long reaction t ime, and that t he Pom-
erantz method is a valid assay for tyrosine hydrox-
ylation. Since we have demonstrated by two meth-
ods that tyrosine hydroxylation is mediated by our 
a and {3 bands, it is indeed clear that these enzyme 
forms have both cresolase and catecholase activ-
ity. 
Optical Specificity of Tyrosinase 
The scans in Figure 5 are of gels run simultane-
ously with identica l amounts of tumor soluble 
fractions. The gel represented in Figure 5a was 
stained with the usual L-dopa; the gel represented 
in Figure 5b was stained with o-dopa. The amount 
of staining of the y band is similar with the two 
isomers, but the staining of the a and {3 bands 
with o-dopa is much less pronounced than with L-
dopa. This indicates that the y band is not opti-
cally specific but the a and {3 bands are specific for 
the L-isomer . The slight staining of the a and {3 
bands with the o-isomer could indicate either that 
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FIG . 3. Heat-treated controls for the electrophoretic 
distribution of tyrosine hydroxylase activity. Gels were 
run, sliced, and assayed radiometrically for tyrosine 
hydroxylase activity as indicated in Figure 2, except 
that odd-numbered slices were heat treated before as-
say. Clearly, the 3H-release activity has the heat labil-
ity expected for enzyme-catalyzed reactions. (0 -0 -0) = 
Heat-treated controls; (e-e-e) = unheated fractions. 
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FIG. 4. Production of dopa from tyrosine. effected by 
soluble tyrosinase part ially purified by electrophoresis. (a ) TLC profile of standard reaction mixture with heat-
treated enzyme. The single peak (Rf' = 0.5) is tyrosine. 
and no radioactivity is present where dopa would be. 
(b) TLC proftle of reaction mixture incubated with un-
heated enzyme. Note the secondary peak in the position 
of dopa (Rr = 0.3). 
the optical specificity is not absolute, or that the 
commerical o-dopa preparation was somewhat 
contaminated by the L-isomer. Analytical data of 
the supplier (Sigma) indicated that the level of 
contamination was, at most, 1 to 2%. This con tam-
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FIG. 5. Optical specificity of a, {3. and y bands for 
dopa. Photometric scans of identical gels stained with 
7.6 mM (a ) L-dopa and (b) 1>-dopa. The a and {3 bands 
show distinct optical specificity, whereas the y band 
does not . 
ination level is probably not enough to account for 
the staining observed. In any event, we have ade-
quately demonstrated that the a and /3 bands are 
specific for L-dopa whereas the 'Y band is not. 
DISCUSSION 
According to the supporters of the hypothesis 
that peroxidase is involved in mammalian melan-
ogenesis. tyrosine hydroxylation can be catalyzed 
by human peroxidase [8]. but not by murine mela-
noma melanosomal tyrosinase (L-dopa oxidase) 
[10). Our study has shown that soluble peroxidase 
from Bl6 melanoma does not significantly catalyze 
the hydroxylation of tryosine but that the soluble 
tyrosinase does. One may argue that the radiomet-
ric method used to demonstrate dopa oxidase ac-
tivity (Fig. 2b) is unacceptable because of the 
known tendency of dopa to bind nonspecifically to 
proteins. This objection has been obviated in our 
experiments by removal of noncovalently bound 
dopa with detergent, and since the major dopa 
peak detected by this method (R.r = 0.6) coincides 
with the major peak revealed by dopa staining (R,. 
= 0.63, Fig. la). dopa oxidase activity must be 
present in this region . The exact correspondence 
between this dopa peak and the major peak of 
tyrosine hydroxylase activity (Fig. 2a) , and the 
similarity in shape and relative size of the a and {3 
peaks in Figures la and 2a. show that in this 
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system the two activities are characteristics of the 
same protein molecules. Since the a and f3 bands 
represent the only hydroxylation of tyrosine de-
tectable in these gels, they are specific for the L-
isomer of dopa (as one would expect for enzymes 
which act specifically on amino acids), and they 
are widely separated from the peroxidase band 
(which has ~o such activity and is optically non-
specific), the term tyrosinase is appropriate for 
them. This is consistent with the use of the term 
recommended by Lerner et al [ 1] to describe an 
enzyme capable of catalyzing both tyrosine hy-
droxylation and dopa oxidation. 
We have observed [16] that peroxidase activity 
is undetectable in soluble preparations from pri-
mary and long-term cultures of the P/51 line, and 
the same a and f3 tyrosinase bands occur in both 
primary cultures and tumors. In cultured cell ho-
mogenates both tryosine hydroxylase and dopa 
oxidase activities are greater in the f3 band. but in 
tumor homogenates, activities are greater in the a 
band [16]. This similarity of activity changes is 
additional evidence that the two enzymic activities 
(i.e., the dopa oxidase and the tyrosinase) are 
characteristics of the same protein molecules. The 
observed difference between the r elative activities 
in the a and f3 bands of tumor tissue and cultured 
cells is important to us for another reason. Since 
melanoma cells grown in vitro are generally less 
pigmented than those grown in vivo, changes seen 
in the tyrosinase characteristics may be related to 
this phenomenon. We are studying this possibility 
in our laboratory. 
Let us now consider they peak of dopa-positive 
material illustrated in Figure la. This peak coin-
cides exactly with the peroxidase activity shown in 
Figure lb . Since we would expect peroxidase to 
catalyze dopa oxidation and to show no specificity 
for either optical isomer (see Fig. 5). we believe 
that this band represents only a coincidental abil-
ity to oxidize dopa. Although it is possible that it 
functions in pigmentation due to its demonstrated 
ability to oxidize dopa, this peroxidase does not 
seem to serve the function ascribed to it by some 
workers. Further, this activity is associated with a 
red pigment band which may, in fact, be hemoglo-
bin [16). 
The work reported here has dealt only with 
soluble tyrosinase, but the enzyme most active in 
pigmentation is probably the particulate form. 
Our work shows, however, that an enyme which 
can hydroxylate tyrosine and oxidize dopa is pres-
ent in this system. According to a previous report 
[17), the particulate enzyme in murine melanomas 
is the same as the T , (equivalent to our a band) 
soluble form. This implies that the particulate 
form should also be able to hydroxylate tyrosine. 
From the results reported here, we are con-
vinced that pigmentation in this murine mela-
noma system is mediated by a bifunctional tyro-
Vol . 68, No.5 
sinase without the participation of peroxidase. We 
believe that if methods like the ones described 
here are applied, they will help to determine 
whether similar enzymic mechanisms are opera-
tive in other mammalian systems. 
We thank Eugene Mead, Coral Jean Cotterell , Dinah 
Teramura, and Kunie Mah for expert technical assist-
ance. We also thank Marga ret Barss a nd Drs. Howard 
S. Mason and William Montagna for careful reading of 
the manuscripts. 
REFERENCES 
1. Lerner AB, Fitzpatrick TB, Calkins E. Summerson 
WH: Mammalian tyrosinase: preparation and 
properties. J Bioi Chern 178:185-195, 1949 
2. Fitzpatrick TB, Becker SW Jr, Lerner AB, Mont-
gomery H: Tyrosinase in human skin: demon-
stration of its presence and of its role in human 
melanin formation . Science 112:223-225, 1950 
3. Holstein TJ, Stowell CP, Quevedo WC Jr, Zarcaro 
RM, Bienieki TC: Peroxidase. "protyrosinase," 
and the multiple forms of tyrosinase in mice. 
Yale J Bioi Med 46:560-571 . 1973 
4. Pomerantz SH: The tyrosine hydroxylase activity of 
mammalian tyrosinase. J Bioi Chern 244:161-168. 
1966 
5. Pomerantz SH: Separation, purification, and prop-
erties of two tyrosinases from hamster mela-
noma. J Bioi Chern 238:2351-2357, 1963 
6. Hearing VJ. Eke! TM: Involvement of tyrosinase in 
melanin formation in murine melanoma. J In-
vest Dermatol 64:80-85, 1975 
7. Okun M. Donnellan B, Patel R, Edelstein L: Sub-
cellular demonstration ofperoxidatic oxidation of 
tyrosine to melanin using dihydroxyfumarate as 
co-factor in mouse melanoma cells. J Invest Der-
matol 61:60-66 , 1973 
8. Patel RP. Okun MR. Edelstein LM. Epstein D: 
Biochemical studies of the peroxidase-mediated 
oxidation of tyrosine to melanin: demonstration 
of the hydroxylation of tyrosine by plant and 
human peroxidases. Biochem J 124:439-441. 1971 
9. Patel RP. Okun MR. Edelstein LM. CarigLia N: 
Peroxidatic oxidation of tyrosine to melanin in 
supernatant of crude mouse melanoma homage-
nates. Biochem J 142:441-443, 1974 
10. Edelstein LM, Cariglia N, Okun MR. Patel RP, 
Smucker D: Inability of murine melanoma me-
lanosomal "tyrosinase" (L-dopa oxidase) to oxi-
dize tyrosine to dopa in polyacrylamide gel sys-
tems. J Invest Dermatol 64:364-370, 1975 
11. Hu F , Lesney PF: The isolation and cytology of two 
pigment cell strains from B16 mouse melanoma. 
Cancer Res 24:1634-1643. 1964 
12. Pasztor LM, Hu F . McNulty WP Jr: 5-Bromodeoxy-
uridine-tolerant melanoma cells in vitro and in 
vivo. Yale J Biol Med 46:397-419, 1973 
13. Pomerantz SH. Li JP-C: Purification and properties 
of tyrosinase isoenzymes from hamster mela-
noma. Yale J Bioi Med 46:541-552, 1973 
14. Worthington Enzyme Manual. Freehold, New Jer-
sey, Worthington Biochemical Corporation, 1972 
15. Pomerantz SH: Tyrosine hydroxylation catalyzed 
by mammalian tyrosinase: an improved method 
of assay. Biochem Biophys Res Commun 16:188-
194, 1964 
16. White R, Hu F: Tyrosinase isoenzyme pattern and 
pigment expression in Bl6 melanoma. J Cell Bioi 
70(2, Pt 2):146a, 1976 
17. Miyazaki K , Seiji M: Tyrosinase isolated from 
mouse melanoma melanosome. J Invest Derma-
tal 57:81-86, 1971 
